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Structural Characteristics for the Hybrid Street-Lamp of a
Small Wind Turbine and Photovoltaic Power System

HYUN-JUN JEON, CHOON-MAN JANG '

Korea Institute of Construction Technology, Environmental Engineering Research Division
Dachwa-dong Ilsanseo-gu, Goyang-Si, Gyeonggi-do, 411-712, Korea

Abstract >> In the present study, structure analysis has been performed to understand the deflection and stress
distribution for a hybrid street-lamp having a vertical-axis wind turbine and a photovoltaic panel. Modal analysis
is also evaluated to avoid resonance gerenerated by sychronism between a turbine and a lamppost. To analyze
deflection, stress and frequency, general analysis code(ANSYS-Mechanical 13) is employed in the present work.
Throughout structure analysis in the hybrid street-lamp, maximum stress is observed at the connecting position
between a turbine blade and a blade supporter. Campbell diagram which is combined the natural frequency of
turbine blades and blade passing frequency is presented to analyze a system resonance. It is found that the resonance
of the system having a rotating turbine blade and a lamppost can avoid by the optimal selection of geometric
parameters of a wind turbine.

Key words : Vertical-axis wind turbine(5=2]2 =894 7]), Computational structural dynamics(ZdAFEZ% 8},
Natural frequency(21-8-Z1%&4>), Blade passing frequency(2] £3} Z£i}4~), Campbell diagram(ZHH A %)

.M 2 AR ol 1 MW olde] thEEeuas|eps

o= 200 W~1 kW9 2F5idr]s Aas

2T 5o oA ] = QIFE giAleuA]  EAoR o] 284 7irtolel| Ax|ate] AME-E

T AR e EAR Qe Fgs Al 4 vk Aol ok 23T B9 Azt

uA o] Hagh st 9, B 5 A H HIRo R Qlste] QPFARI oy ] Fo] o/

Aol ol gt Bale] F7EskaL Tt o FollAl o ejof w9k sojHEE AlAR R o]

FYUAL o Uo] AAAS] BT Hlgo|BR o &E|T ek, o|2igt AR Ee-ejop sloral=

o] uhE 7l ool 2 A0d 5 el tiEE AN ARE Sk A Agtsle] sHoE of
oqgpol F3| Hom LARA B Al g UAE R & Atk

APTEHFY SRS VIS Wl

TCorresponding author : jangem@kict.re.kr w2 Zegulo] 2y AL} Weh, 14750

[ A4 £ 2013.12.01 <=3« 2013.12.12 AR : 2013.12.31 ] }\‘Hf Ei]ﬂ §E19—]' /\éi] —TLZ’:%J‘L}E’J %’—5801] 94‘::1_ s

Copyright (©) 2013 KHNES

566



Fe-gop

=) hRs P25

o
EN o
N o
G e
= o=
—% )
—: i)
‘”i‘ AN
4 e
o, X
% 17
=
F'E o
o -
o
iy
SIS
¥ e
H1
TS
e r§£

ot

ﬁlﬂoiolt gho}?, QdeﬂQ}
7hel7] $1ste] Aegeial XJES), 24
79 A &= (Campbell diagram)7} ©
2 Aol e 2P T E - YR
Rel= 725 A g 4e 2
ol=e] 8, Wy %k U REEHS BAF, ¢
AAEA = !

I ES %4
el
=

44
19
of
By

I

2 ox

[>

¥0 o |
N

2

£
o Mo
o

o
i)
i
X
ol
-
°

ﬂd
oo
rE
u#
[T

Fig. 12 &2
2 rehich B3} b2 FeE, Hog B
A A, AAEFH)EA 47Eo2 A, &

= Zeupdy| et 200W 443 EHlS o4
shth BHIE 3719 EHol=E Zom, =

Turbine Blade

\y Photovoltaic Panel

o

' Y
Lamppost

Control & Storage Device

Fig. 1 Configuration of a hybrid street-lamp

Table 1 Property of materials

Material Variable Value
Compressible yield strength 280Mpa

Structural steel
Tensile yield strength 310Mpa
Compressible yield strength 250Mpa

Aluminum alloy
Tensile yield strength 250Mpa
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Table 2 1st natural frequency gap according to design

variables (1st natural frequency for reference : 3.2112Hz)
Modified | Frequency
Design Variable | RSTTR% | (5500 | Difference,
mm
mm Hz
Blade support thickness 5 6.25 +0.2222
Blade center diameter 60 75 +0.3209
Blade spindle diameter 30 37. +0.2021
Consider all variable
(142+3) ) ) 1.6693
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Table 3 Natural frequency for the reference model

Mode Frequency Mode Frequency [Hz]
[Hz]
L. 2.0465 6. 4.9955
2. 2.0607 7. 5.8023
3. 3.6003 8. 5.8424
4. 3.6102 9. 6.6877
5. 4.1755 10. 8.4342
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Fig. 9 Campbell diagram for the reference model
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Fig. 10 Design variables

Table 4 Design variables for reference and modified model

Variable Reference | Modified
Blade support thickness Smm 15mm
2. Blade center diameter 60.5mm | 75.5mm
3. Blade spindle diameter 30mm 70mm
4. Photovoltaic panel support diameter | 60.5mm | 65.5mm
5. Secondary pole thickness 4.85mm | 14.85mm
6. Main pole thickness 4.5mm 19.5mm

Table 5 Natural frequency for the modified mode

Mode Frequency Mode Frequency [Hz]
[Hz]

1. 3.1189 6. 12.206
2. 3.1541 7. 13.422
3. 9.2038 8. 14.606
4. 10.648 9. 15.665
5. 10.845 10. 17.011
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Fig. 11 Campbell diagram for the modified model
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